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(54) METHOD AND APPARATUS FOR MEASUREMENT OF POLARIZATION MODE 
DISPERSION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the 
polarization mode dispersion of an optical 
transmission medium by actually measuring Jones' 
vector which uses normalized Stokes vectors as 
components. 

SOLUTION: Three kinds of beams of incident light 
whose polarization state is different are incident on 
an optical transmission medium 1 from an incidence 
means 2. Beams of radiant light, in respective 
polarization state, which have been passed through 
the optical transmission medium 1 are detected as 
Stokes vector quantities by optical intensity 
detectors 9o, 9a to 9c. A Jones' matrix calculating * 
and computing part 12 calculates and evaluates 
Jones' matrix describing the polarization 
characteristics of the optical transmission medium 1 
by using Stokes' vectors. A difference-approximation 
computing part 13 approximates the difference of the 
Jones' matrix U(oj) obtained by the light incidence of 

an angular frequency OJ and the Jones' matrix U(6U+4tt>) obtained by the incidence of an 
angular frequency CU+S (x). A polarization-dispersion-vector computing part 14 computes a 
polarization dispersion vector Q on the basis of a matrix component obtained by the 
difference approximation. A polarization-mode-dispersion computing part 15 computes the 
absolute value of the polarization dispersion vector Q so as to find the polarization mode 
dispersion of the optical transmission medium 1. 
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S:*££#i£«r»< .1 4: tc J: 0 . M IT £0 ff & - K# 

Ks-aje-r s. asa^wtt*- k#&£-c£ **fitiE 
)eci3tts ia*as5r«ig«affl^«at cfcfiR ci 

4] ) . 

[ 0 0 4 0 ] £ (O-frfelZ&tfh mm&\± , HPtfc<0«« 

(Xtt C143 ) ^Aso t>i,zJ:Z>m 
St^^/:J;3(: (zfclK C 153 . C 163 ) . -ifcflK'h 

[0041] ^coraasruis-r &!tA«c5iwsffl$^r 

(*IK C133 . C 173 ) . ftm&Wi 

(10) . (11) ^I^^t^i:, -&aMNJti£(K#li£:fc 
4 Jc^Lfci: 5 ^RStatS:«f < . R flit £ *h *i h t Z 

T ZcoX'fo h . 
[ 0 0 4 2 ] CO*-j£^fflV^5 8R«Of5JjajS«, £ ^ J: 5 

Mtf&^Z ttzhZ . Hist. Hef f ner (c J: £ « ^ T 
(i. R. C. Jones <3 JSC fax*: (AIR CI 

33 ) T-*T*']<0?*££1t->T^&fctf>. a^$tL3tf£j« 

£ (i* 1 ) tc^f J: V -?rWco&lz%h J: 5 

Cl^tl^:^ Cfcifflt C53 ) . S«<o*J«^* 

[ 0 0 4 3 ] £ *0fctf>\ H*«arS5C ( 6 ) (CWJE-T S 

Heffner li:^J3!(50^g5t^$^< 
Jg < tz #> t,z jg a j% ^ ifi ifi (the exponent i a 1 approx ima t 
ion) hB*tffi&, -#f»/h£ifiiRfc «iB9«^=5rv^i£ia 
^ffl^tt^. Cit*>^)S*3&^. Heffner L£ if 

F#fi*<oajti£«i, Poole and Wagnertc J: 
3K»]g<0*Il&£§S£(;:ifi*: Lfc»5£i£T*& £ 
ft .1 t iztch 0 d OJ; o tc¥m A* , Aso Mi 80 5 




(9) «Hf 9 - 7 2 8 2 7 

16 

( o^ifi<&**l2<y-StLT^*£ £«KLfc (A BR CI 
53 . C163 ) . L*>L. t tf-8t<OftBmt&& 

[0044] Ceo J: ? ^S*3&»4>^itfO"5rfgttfc IT . As 
o Mi;**Sfi*ja£ (global measurements ) tmnfrttoM 
M ( local measurements) coitmt w» 3 T 4 -r T £ 
10 Ltz (Xffi C163 ) . LfrL. ZWjTfeT'lZ & cocomM 

m&mz&fc-fzcoitz&fm&frfr&tiz . mmwrn^fr 

(> 5 ps) Si*j««<7)iPOT(C(iaffl-C#-^:^^:ji5r^A 

[0045] fzmmgjz. araomm. 

izmmLx^ht^thtih. (a.) s:«e-C3o tctea 

(b) >' 3 - y X'ft¥\<7)Vr%l<z & 0 

a — yx^? >";nc, 2tT2^fj^£/ 3 —yxftm* 

X h - ^ h;Utc4tf 4?ij6D5 'jl — ^— ^T^]S:'»ft 

^•t)^7t:<^ h/l^fc Lttl hti% . TtfsiM^^^ff 

mjfcftm&xh ~-?x^? v iv^m^xu^r? h^mx* 

flrie2r g3S (10) (=J: oT4i hti.hZ t tf-tx-iz 

%}t>tix^z. ftfcmmmnthMmx'comftRmz: 3 

->X^^ ■clears mile 
(10) i^O.d s /d ^ tc^JE5r^^SI£lidilt^T'^iI 

$t#LT£r£ (df/dw) C^$ix^^\ ^co^/il^ 

^^.'luie^h-^x^^ h/u.<so*s^'(iO) 

(c) h;uo ^fiJt^^tciEtf tea 

[ 0 0 4 6 ] ^ 3 - yx^; wu£ffi^T*fc3Mj£«<o 
«*«©S:'iexfir S^^ti . A»*tf0ffl3K«S Sr^-T 2 
j£^c?) 3 - yx<? h )V \z 2 ft 2 <=0 3 - yX'+f&l 
Zmif^h^ZZ ttz£ -yX'&hti. A#jK<!0 4f£*^ 



17 

coo47] *&8ja*±Mzmm$:m&i'r z>tz*>tz%zti 
Tmzti&itiizijmtf; do <nm&# . is 3 ->x^? 

tc, 3ee5M«««0«3K*3ISS:Ka-r & £✓* 3 -sX^9 b 

ju£ft&m<?>&b Lrmm*itfc*x b-~? x^? b^z 

ffl^T^L. 3 - yxftmnmw 

ttZt tfX' § * J: 3 «c L * Z<DZ tlzJ: 0 . Sf%n»3£ 

i:t\ {I&^ii^? h J\sC2$: HE.Sc fJ ^ L T . C£0tf&# 
[0 0 4 8 ] 

^fsijt^ic^ Altaic 3 n^^n&o tzmft&mcoyt 

ftmWLWioj + A 6o CO 2 Oe^ftjg jfe*<?D3j£€: Alt LT ^ 

v^, ^^jsacjco^tw-rsa^tc J: or t#^>n 

i^'a-yXffJIIU (go) & J: If MffllAKa* + A Cd<7)7£ 
<7)J^^tci5 ft -6 SB ffit J: o r t>ix h 'J s - v X'fin U 
(w + Aco) £J8^rM#ig<H£fT^2^23BJ<7>^?iJH 
H = 2i (dU/do)) U + i LTIiliL, I <n^tn 
H ^WftttK^? 

Mi/Go»»<i£j£#>r fi«*- K*ft*»fiifft"€» 

[ 0 0 4 9 ] Wft^- F#»*>ffl£*$£<?)5i2 60 

if i Ea^ffMHcoss i -ftm i mniSLft h ! <sojS»« i 



(10) »68¥ 9 - 7 2 8 2 7 

18 

m'ClUlfcgSRaRe [h j ] ^)Jt I m [hj] /R 
e [h i ] 0 JiiBts; t 

r\ iitt^E- K^»^fflS»KS:ff«-f t, ^r 

[0050] $ &*c. K#»0fflS*i£0^3 

Hiriem i xum 2 coftwiz&v z> mfeitx b 
-?x<7 hJisCDn&ttitfcmmnMjii&tD&myt^ 

yecommx v-9x^9 b/u^ s i . s 2 . sg t 

tl, i^iUN-;x<7h^ sl , s 2 . s 3 ^s 
l=Sl/S 0 . s 2 =S 2 /S 0l s 3 =S 3 /S 0 

j: o^i-r^>m^^ t or mffi£JKfc-f s^k 

[ 0 0 5 1 ] $ M^^e- K4tfttf0««^-&«0^4 

co^e^ii. frEH 1 XliS2XliI3^^t:*iv^ . 
7tf53M^^6ottiit^r'iai^$n^>x h-^^-^^ hjuz 

20 m^xmm^M^^^mmmcom^n^^M^^ h v 

i:J:^tt#^ii^a-^ >J -^st^Oi/ 3 - vX^r^J U 

'J -^xS<7)f/'3 - yX'fr&W (o)>Ao>) «:ffl^ri|4t 
55Mtc J; ^tT^JH SrScaj-T ^^^c^ t> ^tlH^I^t 

[0052] $ mc, {f^^- K^ut^ifflS^-ifecoms 

itX b-? x<? b/Us i (i = 1.2, 3) tifflf&ft 
30 xh-;x\n/^sj , s 2 . s 3 h L 7t t § , s 
i ■ / /" ( s ! 2 + s 2 2 + s 3 2 ) => s 1 wm% (fztiL i — 
l. 2. 3) J: 9 ULiiJt- t o r^H^P^"T 

[0053] - bft&nmfcifmnm e coftw 
3fefsiMfiEa^asstJa8r-«ffi$/iraisftXiim-{S5[^ 

«0fiSBRCi5V>r$ = (-1, 0) t Z&mftZIr o z £ 
i,z J: r> X . (&8 ) ^J^C^r^L 
[ 0 0 5 4] 
f*8 j 



40 



exp (i r) 
V2 CI-»-Sj ) 

[ 0 0 5 5] CCO^^^^J 



s 2 +is 3 



\^z> z t (c J: o r fi^^e- 



50 [oo5 6] ii^- bft&commu&com i co^m 
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[ 0 0 5 7 J 
[»9 J 

c B 



Z _ 



[0058] 3K<sis««oai»fflr'M«^a5S^.sffl*s 

10) co*d<^L', 
[ 0 0 5 9] 
[fU03 



(11) 9 - 7 2 8 2 7 

20 

A ^/-v r {2(l-f-s 1 A )}]exp 
B ) } ] e x P 



10 



[ 0 0 6 0 ] y 3 -yX<n^^h-^^^M^ 

1 



[ (1+ S1 fl ) <2 (1 + sj 

(ir A ) =U 1^1 A+U 2 ^ £ 2 
[(i + sl B)/^«2(i + sl 

( i r b ) ==U 1^1 B+U 2^2 B - 
■ [ ( s 2 A + i s 3 A ) //" {2 ( 1 + s i 

xp ( i r a ) = uj*l2^~ u 2*^l^ 



) ) ] e 
A ) ) ] e 



+ i s 3 B ) / f {2 (1+sj 
xp (i rg) ^ U 1*^2 B ~ U 2*^1 B 



I u ! 
i f i A 
i f i B 



I 2 + I u 2 I 



2 



Vlrm l z +lm 2 |2 



+ I i 2 R 1 ■ = 1 • 
+ I f 2 B 1 2 = 1 

£ta TS#*ie.-&i t t J: 

-> 'J -fJS^x 3 - VXfirM* (RID <7)£n<;£*>>, 
[ 0 0 6 1 ] 
20 [1*113 

. m ! (7 A > m 2 (r A ) 
-m 2 *(r A ) ra*Cr A ) 



[ 0 0 6 2 ] <%tz. mi 154 otfOIISffi^^co 6 oco^^co 3I5&$ tc fifc 0 4o (St 12) <ORUS 

rt^»^$»rA &3£tf> JbIS (&1D- c7)^ [ 0 0 6 3 ] 

exp (i 7c) 
V2 Cl+ 5l C) 



m, 



[0064] &m^&Zktz£ *) * r Q t r & . 

[ 0 0 6 5] mtk^-Fft&nmfcXmcoffiafiftyi 
#3* &£?t a ^ t iz j: o-cufensffMHcos 1 nm 1 

?'J?)j£^h 2 (D&Wim I m Chi] t^m^lR 
e [ h 1 ] <oit I ra [hj ] /R e C h ! ] <0&*ffg<?> 
0 J: *)Jz% < 1 J: ^Slt'4i ^>ix^ , - 

[0066] H^»0}iissis<om 1 <r>%m 

it: 1SfflS*f^^3tei*«EK^AItStc^< t 3 11 

m^x-mm 3 «a<o«jtt«isico a st^ic ajstn 



& jl - 9 v -m^cois 3 - yx?tn u ( 6j ) tm-t3m 

o) + Ao) (?5A»3KS:*i£i*«®^3i3aS -^5 :H:J:o 
40 .T^^fL^^-^ V -BiZcoi; 3 ->X'if¥\U (co + A 
go) VvT ^^-jfiiK^^T^ 2 2 ^J^^ff H ^ H s 2 

i (dU/dw) U + <h LT^ffif S^^iSffijSiaa 

[0067] K^^cOii^^l!^^ 2C0$>W 



(12) 



21 

titztilft? Sr5i$<t^a*3K^ USX h -7*^? h/U 
S 0 *$5£^£ii LTl^^)i^l» 3 SJB^fflift;*^* 
jll^h-j?^^; h;l/Si , S 2 . S3 fcCI^^ 9 
fait* h — 7 A^f h/l* s i . s 2 . s 3^ s l =s l 
/Sq. s 2 =S 2 /S 0 . s 3 = S3 /S 0 <0«»£ 

[ 0 0 6 8] Iitt-F#|[<0iafgSS^'3C!)«fl 

«i. fried a**- HiMss:a!iss?s<om2 coftw<?>mm.<D 

i ( i = 1 . 2, 3) £sj /✓" ( s i 2 + s 2 2 + s 3 2 ) 
=» s t cr>mn {tzti L i = 1 . 2 . 3 ) iz J: 0 & Hi -f & 

[ 0 0 6 9 ] K#i*«OS!l3eiga*!>354 <7)fl B JI 

i (d^ out /do>) = (1/2) 

[0075] dcr'*^^t:i5^r^^**(c?rfi3t*3a 

[ 0 0 7 6 ] 

H = 2 i (dU/do>) U + (15) 

[ 0 0 7 7 ] iZj: 0 ^.m^tl. £.CD*T*l]tiX/U5 - h ?r 

^Si 1 ), fir^iJ H Ji (a 13) co J: 3 Cca-t±, 

h J = 2 i .( u i * (duj/do) 
■ • • (16a) 

[ 0 0 8 1 ] 

h 2 = 2 i (u j ( d u 2 / d w) 
b ) 

[0082] tstt-s. zzThi izmmwiz&mmm 

[0083] l/2Hf = ef (17) 



10 



1*BS¥ 9 - 7 2 8 2 7 
22 

l '] ^^^R e [ h i ] <oit I m [ h ]_ ] / R e [ h 
1 ] cottttficofi^o «fc < l J: 9 ^jfcH-C 

[0 0 7 0 ] **b^(cB|-L. ^^tcPoole ^ J: 

<^ h;un ^n^tcn^-r ^^^$-^-r, 

L)t^ (i) . (2) ^ft^otc j£«iaffia-Tt^ft 

[ 0 0 7 1 ] 

*out < w > = u ^in < 12) 

[00'72] 



= ir + 



*in= u 



( co ) V out ( 60 ) 



(13) 



[0 0 7.3 ] 5£ (12) <7)Mi2£&# LT:* (13) comm 

mrm^^z t . &ttffiftvtmAz^^x*&*n<,z}5^xft 
20 tawsr&^iissfcffs . 

[0 0 7 4 ] 

H (<w) ^ out (14) 

[0 0 7 8] 

CS13J 

h 2 



H = 



^ x- 



h ! 

* 2 * 



'2 

-hi 



[ 0 0 7 9 ] 
[ 0 0 8 0 ] 
) -Hu 2 * ( d u 2 / d w ) ) 



— u 2 ( d u | / d aj) ) 



(16 



e + =>T ( ! du 1 /dw| 2 + |du2/d<ij| 2 ) 



[0084] C £9 t £ . ffJUtJ: 0 dl^fl e *> J: tfHW 
(iJyT<0 5£ (18) . ( 19) J: ( i!c 14) <n 

[ 0 0 8 5 ] 

■ ■ • • (18) 



[ 0 0 8 6 ] 

[ 0 0 8 7] 
CISC 14] 



■r (I d u i / d co I 



I d u 2 / d oi j * ) 
[0 0 8 8] ^ C 
[O 0 8 9 ] 



* • (19) 

( 8 ) zmm^rz t 





• h ,+2e + 















de±/dw = dhj /dw=dh2/doj=0 (20) 

[ 0 0 9 0 ] T* ^'IE^r# h . -T^^^) C [ 0 0 9 1 ] 

^ SO d||/dw=dl 2 /ciw=-0 



(21) 



23 

[ 0 0 9 2 ] cofkW^mti Lt 0 , £3h.fcj&*±«*« 

Et'^^:^^*^. (8) r-^-i.^ 

ttz. ft (9) Hitt-^KArlilfl 



(13) ^fPS^ 9 - 7 2 8 2 7 

24 

[ 0 0 9 3 ] 



Ar=!£ + - £ _!=2vr(|du 1 /d6)| 2 +|du 2 /dw|2 
- • • • (22) 

[ 0 0 9 4 ] Ja±tfD«g3l£r/8^S . (14) [ 0 0 9 5 ] 



[ 0 0 9 6 ] coii^ti^Tt^cM:^^. [00973 

T- A <t> fi 

d (A^)/da)-2/(!du 1 /d<y| 2 +|du2/d6j| 2 ) • - • 
• ■ (23) 

[oo98] fcstfc-rcaffis^T-* & - / titia 7f>-^x<^h^sti/' 3 

S tf. Kl-bOIS^UijEfcPoole t Wagnertc J: -vX^^N^v^Htii, S = e (V + tf^) 

'ffcfcrS-^ttf . M^c7)x h-^ N;uco^gjt (l 20 c 0 1 0 0 ] 

0) fc^raflsasHjjfgfcifca. cai6] 

[ 0 0 9 9 ] i/' 3 -yXft?ij^M«^(^t'0^e 

7 2 
7 3 





0 1 




0 -i 




1 0 


(7 ( = 


1 0 


°2 = 


i 0 




0 -1 



[0101] Tmztih'W v if pit h h 

[0102] 
[»17J 



i 3t 0 <i 3 



e = 



30 



[0103] T-^SSiiS^MT*** (*itt C 5 3 ) . 

fflLTsC (14) ffi-f MHa<0*g5Sfc LT 

*SjC'(10) *>q#£>fi£ (AIR CZO] ) . r, ftJT 40 
£ J: Oflfcfl-fifc^? MKiJiJUTO J: 0 fc:#lt5 £ t 

Ar=|Q|=^(h 1 2 +|h 2 l 2 ) 
[0107] t V^ 5 B8«*»*>iSfe*- K#f* A v £ [5] B$ 
tzmjZ-CZZ. Zcom^it. 2G (18) . (19) fcJ:^ 

(»14) *>iri (22) ?§tLtimmt-&'r&z 

d u j / d cj = ^ u i (^ + Ao>) — u 
- ■ • (25) 

[0109] ;^j£ja*« + »fi£04oJ:3 4+Sv^6» 
* (16a) C/TLt h ^ftliHRKSrS . 



3? *t -5. TtrTtf LR e utssaa, 

[0104] 



1 m (i^m^^-^-r. 



h, 

Re Ch 2 ) 
-Im (h 2 ) 



[oio5] ^ (20) t . z commas f&iz 

ft (10) co&ft-Zffitz LT ^£ £ t tfftfrb . L/c^m 

x. «a«*fgjii«E«co^ 3 -yxnmz (a 6) 

[0106] 
.....( 24) 

[0108] 

{ ( co ) } / A 6u . ( i = 1 . 2) * 



[0110] 

I I m [ h 1 3 XR 2 c h 1 ] 1 c 1 



(26) 



25 



{ 0 1 1 1 ] t tc h 

I I m [h i J /R e [hj ] 
{0113] £ffi£z*f 77 Z&&Z tlZk*) 

[01 14] «i(f, &#5fc ( 11) ^^i*V^t^^^ 

abKii, ftfiTt 3 OiSOASaiB: ■<&&) r^ssDe-a^ 
SK*r*. L**L. {I&^afc^? h/^^u j ( i = 
1. 2) *«@3lc^tJ: ^j:iIfiSc^i^^otv^4 
A^tc^i^-T^^^I'J^^^AA =0.6 nmh L T 
£#j£<R£*=r*. fcf . (8) £|E 9 fCfc^T 

3-^<7)£Pa^ (^^ 1550nm- 1550. 6ran^OE^. 
1550. 6nm- 1551. 2iwo&ffl) T'ii u j <7)M£kH3 

S . K#»^W^fc#K$:iO«i. loggia 

■(CTje.tf«*lS50nm- 1550. 6nm<0 K 151) IctittS ncoil 
T* 3^coAJU&a (&J|) ■C'Ol^Jfflt^ 

fr* (12) ?:ffiv^T-^^/JsSi£^^iFfffit-^^^T' 

±ieofiaj(c*j affile (cfflv^«[^«r3g3tejSO^j5 

S jg** A A = 0.6 niniajb L*»^r*tii(/St^Wr* 5 . 
[0 115] l^J:3^I6t:cl:») 4 (12) oft 

*> 0 C&ttsS (27) Zm^Z Z £ lz± *) ^ dft^- K# 

[0116] ^^H^tcfctt^ 3 - yXft5Hcr>m 

r t ^ iii ^ m £ « v * x n m v> & ft * » £ -r -6 *■ m #£ 
l i i c ^ l t 1 1> i> ^ . t2/,fio<ia»3r 
(omit*.-? v-m&tz**,*^. LfrL.xmmi&M 

£MftLte&<Q%tf + ft&mjl£&Z1iLXt$ 0 , 
3£IC<7) p d L# + #/h$ < ?&fc'*l«T'$ l> J: 5 

[0117] KttftfcEffifcaBjg-f fi-bTfi:. 

$Hcc;fi£ T&^X £ fz ^IS^y'a- 

C fc^«2(KW^:Hlifc:^S. # 2£ Bjf T (i . -I O A3 JS £ *? 

L . I^Cirl'lfflt^C tt:J: 



(14) .^Bi^P 9 - 7 2 8 2 7 

26 

[0112] 

^ 77 < 1 (27) 

[0118] *fiD«#ttffl£E&f Sft3lW$r;fra= £ L 
T, ->X'<9 hil>toJ:X/A h-?X<7 hJUlzJ: 

zmytvti&commtftohtix^h (x$e c o ) . 

3h.fi .(ScK C l 3 ) . rrtpUlNZ^lzzixhco 
10 -»:S««OJ!ftfir^W s Srraf*S:#JSEL>t (XiK C 1 3 ) . 

MU£isifc:*$i*sEiiEi¥ (a^ie-^-rii. sl ( 2 , 

C) ) 0^3Ei. *j ctT/HH^TC^mitciottfi @!SS¥ 

^ie#TMio ('3) ) "oa^fcffls-rfi^ t **^$/xr 

[0 119] fffi^N ^^if ^^^^^(i^^^Olil^^ ^> 
20 [ 0 1 2 0 ] 



[jR19] 



[0121] Lt. 

[0122] 

[»20] 





s l 




IV, I 2 -IT, 1 2 


s ~ 


S 2 




2Re CV,¥ 2 *3 




S 3 




-2 Im CVjV 2 *] 



[0123] CDBX'm-£& Z t ifimbtlX^Z . 



40 



IHIWt^i (i = l, 2) itiEic^- zjccotgrncomm 
-thfzthlz, SM^B^ftMtft -6 CfciR ( 1) ) , 

htztb. mmzftofzfrizteftco&mt&muz^ii-h 
(si , s 2 . S3) £*tlt, :«oxh-n^n 

<IU9) . (» 20) OWffiSrffl^-S^ t t= J: OJ^TO 
(ft 21) . (822) <oi 3 3 Sr2o^B?£^L, ffXffiffl 

[0124] 

(a2i] 



exp Ci 7) 
^2 (1-s,) 



-Si 



50 [0125] 



(15) 



9 - 7 2 8 2 7 



27 



28 



[ft 22] 



exp Ci r) 
H (l+s, ) 



l+s , 



t 8ofio*-s*-c* o . 3<#>&^ft 



[0126] ^ ZX'lir (ifl&KffifflB^-C** * - «0 J: 

m^. jE«tyg-yX\;h^S:*Lt^5«oli (ft 
22) tf)* 1 ?* * ..HEffcti (ft 22) ii s J - - 1 

s 2 2 -f- s s 3^= It7)§|(|^^s2 -*0, sg-Ot 
0 , 

[0127] 
[ft 23] 



F -exp (i r) 



[0130] [ ( 1 + s J 
A ) I ] e 



) /r \ 2 < i + 



3 i 

A 



xp ( i r /\ ) = u l^l 



u 2 * -2 



[ ( i + s i B ) /r {2 d^sj 6 ) i ] 



u 1 £ 1 B + u 2 £ 2 B 



+ i s 3 
■A> = 

B 4- i c- n B 



( i r A ) = u j 2 A 



) /r { 2 ( i + s 2 A ) \ ] 



exp 

( i r b > 
[ ( s 2 A 
x p 

[ ( s 2 u + i s 3 
x p 

[0131] ^jCt'Ait^v a - > X < ? h;U i & w 



) //" {2 ( 1 + s 2 A ) > J 



10 



[0128] ttchtzth, zcommmttz mmt tt 
zmmLx&n&mzm^tiix. ftm&m&cois 3 -y 

*ofcA*fffl3fc#!S<036£Art.; & / *(tZtt~t&iti§ttiMyt 

mmzmw^i%%mm&X'hz> * h-? h/ut l 

j^I^y'a ->X?t£iJ£ jl - ? y -'ffn<r>mX'?&bb& z 

A, B, C £ i^' 3 - yX^; h /UCO^^tCilO . Mid 
(ft9) <7)#0<;fc#. (»6) tfO j; ^ jl - ? 'J 

[0129] ±K«fcit^*£iIiSf£ 

(ft 10) co J: 5 l:^tt , (ft 22) . (ft 23) fc^Lfc 
v 3 - y X<? h/^8M^ h - 7 * MU<soMfl& 

TC0 4 ^cr>mi%3£tff£ 9 £-3. 



20 



30 



40 



[0132]| U1 | 2 + |u 2 l 2 = l. lf2 A ' 
2 + I £ 2 A ' 2 = 1 ■ l#i B l 2 +l^2 B|2= 

«li8-3 = 5tftfi. L7t7&<oT. KR^lOffcjgr 

ffl^trg £W£}&t6Z£l ( zJ: 9 , ffcco^ft £ £T r 
A OMftfc LT^L. j£*>*^£^3— yX?T?iJ£ (ft 
11) & 'j iz-mzhh Z ttfiqmX'%> & 9 Zcofr W 
* V - Tf ¥\ X' h h . ^ o ^ft £ r a ^ & ?t *> (C. 
ZcDft&\X'm%ti& AMitC trM&ZitZ Z t .Z^tsL 

h. z<vtz. (ft 12) nmmtfm zcom 

r c £ r a C t WfiEtiS :u:J: 

[oi33j ^frfttemmM^mft&ifm*:£m%: l . 

3fcgi£##fc: «fc 0 ^^^^ -f XS tL'=Sr^i t £511^^ - 

[0134] iCO y'a ~ > -^fir J'J CO Ml & £ ft 'h i^ft 4@ 
.(ft/hS&ftlESI) A6)^^t§2oc0^^iioj. 

it5. o^O. ^^^ftcotc J: T^.^ixS i? 3 
X^r^i U ( co ) £ , fcja«ft<u + A.«C«fcoTf#£.*L&" 
^3-vX^T^fJU ( to + A oj ) fc.^^^jfiia^ fi=d . _t 

f# ^ fl £ }t H £ H = 2 i (dU/dco) U + X'fem 
S2LW< 4 tT^JHIi (ft 13) co^-C^f^^n^. Z0> 

[0135] 
[ft 243 



Q = 




29 

[0136] "CH L fz^^lz . h i = n j , h 2 =^2 
- i Q 3 O -5 KUS#A & C #SEifl3iT.* . CfiO** 
^ffl^SCttcJ; 0, fiti (»18) ?&it&tztf>* 

^^tAr^Ar = | Q j ( h ^+ I h 2 I 2 ) <?) 

start «t o aiffi^flff-r & . 

C O l 3 7 ] frfc, Wlfi^li#5£<K£:J?iv* 

ftSKJ: 0 ii ?t h i o te^ 5: < 

5rS. Cco^ i: ^rf'Jffl tT. 2i#3£<K £ Jfl £*i 

h ! coj««Sff I m t^l»SBR e ^tttrov^T . I I ra 
[h 1 ]/R e [h 2 ]j^^< KO^tt^I/ctl J: 

51 IS f £ Z b lz £ *) ( the first order 

approximation) tf&L& L X & £ ¥*J^~r h . «r 

& • 

[0138] 

i tfo.Mjft^e- Yft&Ltnmfe-kino mm*- m&mmm 
mmmcomm*'- \* ytxm^^t lx 

^AftHI^g2 t , £tlltU^^ 3 t £3f Lt*5 o Alt 

^i^iit & t coT'. ^< *> 3 H^co^3r& fl^tf 
J&£fls8&MfiP^5«1ig£*L;Ci5 9 . <T to ff # #J P IS ^ 

5 z-fflffli* titzmftttmcoyttfytmmi&M i ^Ait^t 

[0 13 9] iliMll^^ 3 iiiiJ^^^:^ 6 F^tCl^tt^fL 

S i/S()=>si , ( i = 1 , 2 , 
[0144] ^2coS«*SftSff2lJi. mils (28) 5£fc«fc 
TSI&fl: $ tltzx b - 9 x< 9 b)V s i , S2 . S3 40 
Sj / < /" ( s j 2 -+- s 2 2 + s 3 2 ) } => s 
[0146] fit, ^ 3 -^XtT^mai*S:^12(i. 

3 Srffl^T „■ 3fcfs3M^ir 1 «0<l3te#J$£E3$-f £ ^ s - 

ii. ffi& L*: «fc 9 fc: 3«a<7)Alt«3E**S<i07KA . B, 
c^'s "VX^; h^co^Stc J: 0 . fria 9 ) o 
*n<^L, (Si 6) v-j8j£x-ftfzmm 

(HffllS-fk) ZtitzX b-9X^9 bfrim^X. is 3 50 




(16) »Hf 9 - 7 2 8 2 7 

30 

16fc . fflffi»JSfsp«»17t Sr«-LT««Sixrv^. 
[0140] aS»#»£#Kll«\ &3t^7 a-7 c 
i: . 4^coi«^8i, 7fe5^^^£tia9 0 , 9 a -9 
c , *«S£«S10 o . 10 a ~.10 c £3f LTM^ 

4*|fl]So^S3£#i»3*i*.;&5te^7attflj 

10 7 bliffl^StfOJ^a^tcW LTSi:^T6l2:fSj^rc«jte-? 

0 . ^^t^S 2 ill* ft t=«3CL. y ««Srf^ 0 

tS. 4 *o 1 »fiS8liiBSS^iII(cff Lt L± 
fa£fa\<^tz A ftCD 1 a^flgrft 0 . ^#^7 

it f^m^tti^-r £ . 

[0141] ^^j^^£±i^9 0 ^«S 0 ^7^^^ 

20 %>m&%& 9 a (±^5fe^7 a £iiiS L-CAfltf *#«3K 
Sjco^^^^x I — 9x^9 h;Kr? h^Sj t It 

xb-? x*<? bfusi t Lxmft^&* mtKX&'gz 

It LX < 'hjitmit S 3^5^^^^^ Y-9 Y)VS 
3irLT^ai-r^. fit, Crfi4> . Tfc & & £iJ fi 
9 o- 9 a ^ 9 c "^tt $n^^7i^^607t^^ (x h 

-9 viv.) i*. ttfci-z>±m&m&iQ 9 . io a — 

10 c t: J: or5£SJKco<I^^<>«^il^fc:^filSnT 

[0142] y- H ->x'ftmn&mn&uiL ^9b;u 

1 <!Offl«^«5 20t ^2 0H ffl*S^SJ21fc iili.rfc 
0.^1 oafS-fbSP20ti. x b - 9 x^9 b S 1 — s 
3 i, h^S 0 ^I^i Lt. &e7) (2 

8) ^cosifffc: J: -or aisft-f 6 . 
[0143] 

3 ) (28) 

(29) xttc J: oT#{5^^ kz^M^it^ h . 
[0145] 
i (29) 

-yXTrm<7)±X 0)f8Lft£&&L*: (mil) C0j:5tc. 

ytfcm&n 1 fio«5t«ssrEaj-r-s y*3 ->x^n^^ 

-9 'J -&i£T%&-f h . ■ w J: 3 =5r>? 3 - yXffH^' 
1 ^)A»aSBtft^«»a>^3 8<^«5K*^^A» 

xfiwu (o) t , 3Keaitt« 1 toA»a^. 

faw^saaiEra a cotz^mtifznm^mco + a 3 a 




31 

b^coM^U^^z X *) 'J a ->X<? h/uu ( *> + 

a to) z*ti?tiaiti-fi> . 

[oi47] m»j&Mm»mi3i±\ v * - yxftmntti 

u (6) + aco) oji#j£ias:tr^, 2 2 n<nftm H £ 

mile (15) ^T-arftL, ( Hie 13) OJ: o tzmz tihft¥\ 

coi48] mwL'frf&'<7 h n-n&uik* , mrie^aj $ 

tit: ft ?'JH , fll«#ilfc^7 N/L'Q £ 18) £0 

[0149], F#»?R3rS15fi. HufSfl&^ifc 

ttmzmnLx . (24) suc^o, mwrnnmco^mm 
[oi5o] ftm&&w*m&wi&m&iBii* mmm^ 
co. miftmi M«o/dc#h i o^^gi i m [ h i ] tm 

m^R e Lh i ] cOJtl m [hj ] /R e [ h J ] (?D ffi 
*TM£3i:ai L. <! coJt^^^f^S^ . 0 J: 9 A # < 1 J: 0 

^l77WTi:^or ^Ti^j^^J©? L . 3< tf> 7^ Jt <7) 
Wfi^j? i Ot^Ot Itli, ¥ *>titz — feMfz 

ft. ft 4 ^«iJtiWSI^^(c <t 9 5£<tf>£>*.£ vfrbWti 

3 <3:5 3ria]fc:K£ L. d cd|££<I £ »*"TK3frS 4 H 
t7^-HA'«/^t5. ZCOy 4 — F v 7 £ 5£l-fT * 

^.m^i^^6M4 liytmmmm 1 tAif-r **sj3«S6> 

7ict^if^I5:co + Aa>(7) 2 Oc7)5£<^/hJ^&lSr[2fy] A CO 

[oi5i] ^ij^ft^iFfffi^i7(i. ine&j3&%$ij*4@ 

gi&!£^3tfl6i: I3«*c /fr^'J HsDfg 1 ftm 1 3*J?)j£^h 

i ^jesse* nm&co}tco&ttm£n& zco%&m ■ 
# i J: o t * zmm-tz z t x. (i^^- 

IfeStStfOffi^ l J: 0 ^fc § fc:. Waft*- 

[0152] *Sli6^««<7)fl|ift^ - H*»8IIffi<0^JE 

U ~ U 2 * u/'"^ ^-Vr^?e ir expCir A ) 

[0160] (B) yM 
[0161] 

1 t V 1 +s i A exp(i 7*) 
V2+s 1 A +S] B Vl+S] B e iT cxpO 7 A ) 

[0162] (C) 45KiIK«» 

[0163] 




(17) . 9 - 7 2 8 2 7 

32 

itl.iS.co J: o l/ZtiUf&Z fix & 0 . 

£3e£j*«» i ^(i^^e- Fft&comMmziiiTttZTF: 
[0153] ^mmmmmxi±. ««*- k^s^sss 

&«:*A. B. C£f£9£-f. C^AftTtA, B, C£7) 
Alt(S*ttS(i, H 3 -z/X^9 h )V£ commizj: '0 . 
(St 25) t tch . 

[0154] 

[^25] 




[0 15 5] ^^rcOAIf^A, B , . C L X , T^fsiJi 

bJUirm&itLT 10) 0^n<^L. 
*S--ftSfi^ 26) C,Tt^ h-^x-;^ hJl> 
[0156] 
1*26] 

f Sl ] 

s 3 

[0 15 7] tC^JEGLT, a - yX<7 b )V £ £ tl z> 
coifc-ftZm^X (gSc22) co£ z> izmZT-t. Z ZX'r 11 

&m&&m^FTh& . ca 6) -ctei* sns sf 

l»=WL;t (ifc25) T^L^^^OA^fi^^ Aft.*:*® 

as ^3 tfo«3e«jssti janFtfo j: 3 tz*z. $>ti h . 

[0158] (A) x«« 
[0159] 

1*27] 

Vl+s7e ,r expC-i7 A )| 
Vhs/ expC-i 7 A ) 

[^ 28] 

/H Sl fl e i7 exp(-i7 A )| 
^Hs/ expC-i 7 a ) 

[^ 29] 



(18) «Bf9 - 7 2 8 2 7 

33 34 

exp(ir c ) f I +sj 



V2(H-s, c ) t s 2 c +is 3 t 



( J 



, VHs/ exp(i7 A )+ Vl+s, 8 exp(-ir)exp(-iT A ) j 
' Vl+si a exp(-i ti) -Vks. a exp(i r)expCi r a ) 



V2(2+s I *+s ] B ) 1 Vl+s, a exp(-ir A ) -Vl*s, A exp(i r)expCi r a 

[ 0 1 6 4 ] HT. £<0£ £ £te£ LT3ef53M££® 1 >> 6. (»28). (»29) ■*> & HToargsCiR £ 

Kj^-T £ ^3 ->X*TMtfO#j£#£;*jg?- [0 16 5] 

[ ( 1 + s j A ) //■ (2{i+s 1 A )}]exp(irA)=u 1 --.. 
• (30a) 



[0166] 



[0167] 



[0168] 



[ (1 + S1 B ) / r K 2 ( l + s i B ) > ] exp { i r b > = u 2 ■ • ■ ■ 
• (30b) 

[ ( s 2 A + i s 3 A ) /'/" {2 ( 1 +■ s i A ') ) ] exp ( i r a ) =-uj 
* ( 30c ) 



[ ( s 2 B + i s 3 B ) //" {2 (l + sl B ) } ] exp (ire) - uj* 
(30d) 

[ 0 l 6 9 ] 5$ (30a ) J: rf (30b ) J: 0 , I u j I 20 ^ ( 30c ) . ( 30d ) CftAffi: 

-V r f(l+s 1 A )/2} f |u 2 l=^Ml+s [017 0] 

i B ) /2 > t ^ 9 raoi^Sr^s <i t . <rn £ 

u i * / I uj |=exp ( - i r a ) 33 C ( s 2 B + i s 3 B ) XV" { ( 1 + 

s i A ) ( i + s ! B ) } ] exp ( i r b ) (31) 

[0171] *j. «fc . [0172] 

u 2 * / I u 2 l=exp ( - i r b ) =~ C (s2 A Hs 3 A ) X/ 7 Ml 
+ s 2 A ) ( l + s i B ) } ] exp ( i r a ) ■ - * • M 32) 
[0173] HnTO^^Hac^S. [0 17 4] 

X (31) . cr>mto¥&)$: t & t , 

exp [ - i (ta + t-b) ] = (1/2) [ (s 2 B + is 3 B) >/" { ( i 
+ s 1 A ) (l+s 1 B )}- (s 2 A +is 3 A ) / /v r {(14-s 1 A ) (1 
+ s 2 B ) ) ] (33) 

[ o i 7 5 ] t. %h . mmcoftmx'te. &m&m£.mco m r<om$:#sbz>„ 

**^^S$3fi5?ty)(cp||S:t*, [0 17 6] 

exp (ir) = exp [ - i (r^+rB) J = < (s 2 ' B -s 2 A ) + i ( s 
3 B - s 3 A ) } //-. { (s 2 B- S2 A) 2 + (S3 B. S3 A) 2, . . . 

• • (34) 

[0177] ::t\ r = rA + rB T^^^ix^se [ons] 

^ 3 - ^Xfi^JliJSTiO 30) co 40 [jfifc303 

/ uj u 2 >| lr Vl+S| A expCtr A ) Vl+s, B e ir exp(-i r A ) % " 

[oi79] : <7)'nn<n'n m&l* [ o i 8 o ] - 

det U = 1 + ( ; l / 2 ) ( s 2 A + s 2 B ) (35) 

[oi8i] ThztifrmMzmiztt i mmm rnrnzMteitLtz <»3D £ffl^a:fra*3a3-c*£ 

^ h-?*^? MKOSI^Sil) ft Of 1 lc£r [0182] 

^^rucox-. HSiaf Mtt *> 1 £5:4 J: 3 I:; com [R31] 



35 



u = 



V2+5i A +S! 



(19) 



/l+s/e ir expCi 7 A > 



i/l4s, fl e ir expC-ir A ) 
/l+s/ expC-i r A ) J 



ft 9 - 7 2 8 2 7 
36 



[0183] ztiitz £ o . is 3 -yxn&iz T a 
tevtz§ c zAM-tzt. (&32) % hM&^znz 

expCi r c ) r I +S! 



( J 



[0184] 



t VI *s/ exp(i7 A ) + VH-S| 6 exp(M r)exp(-i r a > 
V2(2*Si A +Sj B ) * "Vl+s^ expC-i 7 A ) - Vhs, a expCi r)exp(i 7 a 



j 



[0186] 



[0185] L/i^oT, x = exp ( i r a ) ■ y = ex 
P (ire) • ^'^TWTO^i^J^^.x^^^ 
r ( 1 + s 1 C ) y 
) I x + {/ (1+sjB)' ) exp ( - i r ) / x ] 



< 1 /r (2 + sl A -h S1 B )} [ { v ( 1 + s ! A 



( 36a ) 



[0187] 



< ( s 2 C + i s 3 C ) /r ( 1 + s 1 C ) } y = < 1 //" ( 2 4- s ! A + s 
1 B ) > C (1+s'i*) > l/.x - (1+ S1 B ) } exp ( i r ) x 

]--•-- (36b ) 



C0t. CO + A GlCT) AftjfclZ: 



[0188] ^^'L mmmg.<7)tzthl,z x , y<9fitcD* 
£ $ a* l ^^ci^ 1 5.. £ $0fctf>;friS5t (36 
a) , (36b) T*§4>*iS«£S«.-ffcLT 

[0189] 

exp ( i r ^ ) = x/| x I (37) 

[0190] tLtzm* 31) fcftAt-S^r^ja^T 

[0191] Altdftttst it, 

& Lti&nm ft Z t tc X 0 . 

&±o$!I^£?t 0 z t X"J 3 — yX'+r^ZJ- - ^ 'J 

-ftWcoBRx-mrnvz h\ z j 3 -yxnwz z<^x o 

^i^ti^t^:i:i;J:'), Poole c> hz X h 3HMfttJt 
^^st cfcia: C18D ) tctjSfflr^ h&^-k 

*0 J: a LT*i£iM«« 1 *>«.3fc1#tt ^ a - 

>Xft&\£ . fiM^JSJ&R A oj *fftft*tfc 2 OCO^o/c 
C + ) = A 0 1 + A 2 . 

[oi95] x'Tnztitz&mm^zm^T. *j 3 

u j =e"'M cos^ + e ~iH sivfia ( 39a ) 

[0197] 

u 2 = - ( e iW+ e iH) sin & cos # ( 39b ) 

[0198] tlt»t'l&. S (15) S-ffl^TffK Lfc [0199] 
fl^JHii (» 13) ^)^^ LT£ 0 . 

hi=Ar2COS2^ + Ar| ( COS^ 6> + COS A 2 Sin2*2 (9 ) 



3^^*tcti, ^iM^aojco^A^ttc J: -d T f§ 4>it6 Z J a 
U (co) t .ftffl&&a> + a 6o603^AIf J; 
-^T^t^tt^ — >X?fmv ( ca + A co ) 

^'^itl^ft^. 

30 [0193] KCt- K^^^^-T ^^fS^^Mcopj t 

mfflnMm^m^ e x-mm L?t^-r;^^#i & . 

T(i . 7 r">f ^N'22li±^r^£7){iiffi||^A 0 2 

^t^$-f^Lti>0, «*fc»*7r-f A23(i3=*Birsi 
^fflffiHA* A <^ 2 ^U?:tfflLt ^£ . tiri5 . @ 2 c7) 
xit yl&lil^^*«i6 0lI^^^LtV^. Ceo 

.eo* 7 r >r ^®^(i3K«Jis-ra^<affl^^ a ^ j . 

[0194] 

• • - • (38) 



40 



C-J = A 0 j — A 0 2 ' 
-yX [0196] 



(20) 



37 



9-72827 

38 



(40) 



( 0 2 0 0 ] 



[ 0 2 0 1 ] 



[ 0 2 0 2 ] X* fo Z> 



[h 2 ] = A r 2 sin 2 ^ + A r j sin 2 6 COS 2 6 ( 1 - COS A 4> 2 si 



2 0 ) 



(41) 



I 



(42) 



(43) 



in [ h 2 ] = - a r i sin 2 ^ sin A <^ 2 • • * 
::t. [0203] 

A r ^ = d (A 0| ) / d w, A r 2 = d ( A ^ 2 ) / d w 

h . HRt:i¥fiiff(cti^T*i\ *'i>aJU«ft<u 0 t , C *i 
J: 9 A«BifLfcfcffi«ft3&>*>^3 -vXfirMSrSaa^, 
[ 0 2 0 5 ] 

- U ( to o ) } /Aw] U + 



10 



[0204] xfoh. HR^ffl^ecfc-v^T, 
^-^fa^aiS(a^KHi*iT'jE«i.K:i¥faii £nr ^ & 

fciH^S # (8) T^£flT 

H (wq ) = 2 i [ { U ( co 0 + Aw) 
■•■■■( 44) ■ 
[ 0 2 0 6] iO fc:J: 9 »fl5£ 

fx 5. Lfc^oT, (27) A»fc3S*»*L*J£ai: L 

I r n [hjl/Rg [hj] |g 77 



(0)Q ) 



X , 

[ 0 2 0 7 ] 



(45) 



Ht3»Jb, (ft 33) co J: 3 (c^-i -eojadHiJ^T 

[0210] 

[ft33] 



[ 0 2 0 8] tL, d<^f*£-<^/h;ttifiia4>£#K*ft 
iix/us - h tc2r 0 . K#S*£'5e (24) co&i& 20 

[ 0 2 0 9 ] 

[^js^j] a 2 tc^ir ^wra^/s^g^^-f 

<£ 22(c^«3S«^3K7 r -f ;<22, 23£ L £1111! 

tcsfl^-r f ^*flfli*=ov^r &mm*mtf %&t>mw-r 

h. 2*<?)mWi&&7 r A A22. 23tf)tt«*i. 3-* aft* 
1550nnrt= & ft £ b' - h LK= 0. 03 nrC'^'L < , 7 r ^ 

L 1 = 1. 708m. L 2 — 1- 138m£ f £ . <r *i £> 2 [0211] 

u 1 (a>) = 0. 25 { exp ( - 2. 500 x 10" 11 i a) ) + 3 exp ( - 12. 500x 10" 
12 i co ) } (46) 

[0212]. 

u 2 (co) = 0. 433 {exp ( 2. 500 x 10" 12 i a ) - exp ( 12. 500x 10" 12 i 



ti 2 



"2 



w) } (47) 

[0213] m&Azmfci-&mt,z&mi%.mmtf£. t . * 

3&*fc' 3 j^KSH-f £S£. (o) P D L^O^^tc J: £ I& 

X^Lh. m%tcr>mlz^&bP L Di>J:t/£l«£iIjfiLJt 
f*O3te<0(13teJK£:jffilS 45- * 0. OldB/ km, 90%i^±r 
HELfc. iI*t«3EKj&*100 %T*^&&tz 

\±*h-7 x^? h tiscvmo tfift [i] ) zm^ 

X as-ffT 5 £ -f & t s i 2 + s 2 2+ s 3 2< 1 * * WiS# 
2 2 + s 3 2 = l t ) 0**8*14. c 95%0{i7fe 
te-ffc&fr 3 . s j //" ( s j 2 + s 2 2 + s 3 2 ) => s j 



40 



( i = 1 . 2 , 3 ) 

[0214] Zco&M&it iz J: 0 , +#^£(I3E-Ca£ 
tft*^ SM^tf 95%iil±ofi3e«t:*5V^r t . s j 2 + 
s 2 2 + s 3 2 = x s- « /I-*". ^^1550nmco^^^^v^T . 

(ft 25) T-f§£-r*(l7fc#IBcD3e£ Alt S ^ 4 C fc 
iS. wC0^#. 5$ (46) . (ft 33) «i (ft 34) ttc 



[0215] 
[ft 34] 



U ((o 



,>=( 



0.5546+0. 7907i 
0. 2328-0. JU2i 



-0. 2328 - 0. 1142i 
0. 5546 - 0. 7907 i 



50 



[0 2 16] zn-itmzmmi-&z t**tz> . A5t« 
(ft 25) ^ j: 3 tg)it . fciKomawmt l 



(21) 



39 

(ft 10) X'hh. ±EtfOWC*iS*Wtc (ft 35) Kc6i 



[0217] 
[ft 35] 



WE^P 9 - 7 2 8 2 7 
40 



0. 8655 \ / -0. 8655 

s A = ( 0. 0776 j s B = -0. 0776 
1 -0. 4947 ' . ^ 0. 4947 



-0. 4387 
s c = ( -0. 3588 
-0.8239 



[0218] mWkcoMfclZ&^X * h-7X/*y*-7 

ISM £#tf. fflttfAMlO 
%iartT\ 1^T«0 (ft 36) coX z> 

0. 85 v / -0. 86 

0. 08 ) s B = -0. 07 
-0/52 ' . ^ 0.50 



10 



3 — >xff mcoumz'ft o 

[021 9 ] 
[»36] 



f -0. 43 
s c = I -0. 35 
k -0.83 



[ 0 2 2 0 ] CCTsB^SSfi^&^fc: 1 £«£T 

iffl^*^ 22) Jffl^s; (c J: 0 . (.34) 
[ 0 2 2 1 ] 



20 



exp ( i r ) = - 0. 1455+ 0. 9894 i (48) 

[0222] titM-czz. zti&mv*i>b (ft30) co 
ftmiaTco (a 37) cox -3 tcsits . 

[ 0 2 2 3 ] 
[ft37] 



0.9642 expCi 7 A ) 
CO. 0386-0. 2624 i) expCir A ) 



-<0. 0386+0. 26240 exp(-i r A ) i 
0.9642 expC-ir A ) ^ 



[ 0 2 2 4 ] r a £j£tf>&rt:i6<iD2rg5e (37) [0 2 2 5 ] 

0. 7550y = - 0. 7089 { ( 0. 0544+ 0. 3702 i ) / x + 1. 3602x ) ( 49 

) 

[ 0 2 2 6 ], 

- ( 0.4636+ 1.09941) y - 0. 7089 [ 1. 3602/ x + ( 0. 0544- 0. 3702 i ) x] 

(50) 

[0 2 2 7] t%h. Zcr>Jjmj£$:M< Z t t,Z X 0 . 

[ 0 2 2 8 ] x - 0. 5845+ 0. 8283 i (51) [ 0 2 3 1 ] |x|=L 0138 - - • • - (53) 

[ 0 2 2 9 ] [ 0 2 3 2 ] TJ> 0 1 J: H^^^ft, y's - yX^r 

y = - ( 0.4372+ 0.9014 1 ) ( 52) m co± £ £ £ 1 £ t" h tz #> tzMfeik £ If 

[ 0 2 3 0 ] 5r&J»S:t#S. C <0 jl St & H <0 £ tf> . x c7) [ 0 2 3 3 ] 

exp ( i r a ) = x / I x I = ± ( 0. 5765+ 0. 8171 i ) (54) 

[ 0 2 3 4 ] . t til* (IS 38) . ftT^ 0 ^ a - V XffM O 5E£ L t^I=S:f^^^i. 

[ 0 2 3 5 ] S . W±«0¥a^ffl^T*fEi*«E«<0«jft^- K 

Cft38] #ifc£i*5E-f ^^A 0 = 1550™, A A =2.0 nmh L 

U Coj ) = f "°* 5559 " 0 ' 78781 0-2367+0.11981 | T#£?£?T9. C <0 1§ & CO ft ffl &ft J| A co fi , A co = — 

1-0.2367+0.H981 -o. 5559+0. 7878i \ 1. 567 x lO^rad. / sec. X' fo & . (ft 25) tWi£Jfa3 

[ 0 2 3 6 ] Zco&gkli. (IS 34) T*-5-*.£*t*JI!tt«I -?*'<^ h/Mi, If « » -ft L *: « E T (ft 39) co J: 5 

JUBCS-^Tsfc ( 46) . ( 47) T'4^^itl»IiOPMD [0 2 3 7 ] 

ZXtbhZ tlz~?h« (54) ^fcuTIE^r £ [»39] 
ffll^HTt, fflffiH^w S=S:S (#^il£&) fz 
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r -0. 3624 
s A = [ 0. 7865 
0. 4999 



(22) 



0. 3624 
-0. 7866 
-0. 4999 



0. 9289 
0. 2611 
0. 2625 



ftfflW- 9 - 7 2 8 2 7 
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ftX'UT<7)£ o% ( JR40) osjs'a 

,-0.36 \ / 0.35 

s A « ( 0. 80 I s B « J -0. 79 
^ 0. 48 ' , ^ -0. 51 



[ 0 2 3 9] 
[ft 40] 

/ 0.93 
s c = ( 0. 26 
^ 0.27 
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B->XftP\te (ft 41) J: . 



[ 0 2 4 1] 

[ft 41 J 



U U 0 + Aaj) 



-0. 1307-0. 5518i -0.2625-0.78071 



0.2625 -0. 7807 i 



-0. 1307+0. 5518i 



) 



[ 0 2 4 2 ] Cftfe: J: 9 2!#ifite«:*f 3 (ft 42) ^ & 

dU U (&>„ + A<y) -U (w 0 ) 



' 1 0 



x( -° 

1 -0. 



-0.2713 - 0. 1506i 
3185 + 0. 5746i 
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[ft 42] 



0. 3185 + 0. 5746 i 
-0.2713 + 0. 1506i . 



[0244] zconmzm^x ^ (ft 43) nmrnzn. 

[ 0 2 4 5 ] 



[ft 43] 



H ((On ) = 2 i- 



dU 



- U T «2 i 



U (cu 0 + Aw) -U (w 0 ) + 



du A a> 

f 0.0644 + 0.8273i 1. 0044+0. 6436 i 
.6436i -0. 064 4 +0. 8273 i 



,0.0644+0. 
1 1.0044-0. 



) 



[ 0 2 4 6 ] . COsSfc: J: 9 , 

( a> q ) = ( 0. 0644+ 0. 8273 i ) 

[ 0 2 4 8 ] 

h 2 ( a) o ) = ( 1. 0044+ 0. 6436 i ) 
[ 0 2 4 9 ] t tth h ! i+Htl'S- h 
! (6) 0 ) = 0.0644x 10" u t &< . CfiJ: Dd«#ft 
(ft 44) J: 9 f# 4>*l& . 

[ 0 2 5 0 ] 
[ft 44] 

0. 0644 



[ 0 2 4 7 ] 
X 10" 12 ■ • - 
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x 10" 12 . . 



1.0044 
-0. 6436 



x 1 0 



[0 2 5 1 ] Z tllZ* 9««*- K^^AriOlliAr 
= I Q I = 1.195 pso J: 3 iz'&htih . .1 <o«Ut. mik 
flAr- 4.359 pstkf<*Z>t. mmtcmfezn^T^h 

0. 9678 v / -0. 9678 

0.0186 j s B = | -0.0186 
^-0.2512' . ^ 0.2512 



• • ■ (56) 

= v^ .1 coi^Sii^ (55) *»^>J 



0. J I m [hj] /R e [ h 2 ] I = 12. 844>1. 

QQQ Tb'&Z b& J m#&1&Z?f~> tit ZtziK (S) co 

&ft : tm8LLT^&^z ttz&m-rz> . i i m 

[ h 1 ] /R e [ h ^ I <*>ffi# 0 J: < , A»o , 

l J: 5 +#/Jv$ v*jSfc*SJ:?fc:AA=0. 2 nm-h L t A 
«fiOKt/h^*ftlzrSIS:SSL^ia^-k:, xh-^x^^ 
Mi^ffl£Sl^lO%iartfc 
*ISWfc:iiS«*&<ftLrt: (ft 45) 

[ 0 2 5 2] 
[ft 45] 

r -0. 1241 
s c = I -0. 8325 . 

-0. 5399 ' 



(23) 



[ 0 2 5 3] Hi 
[ 0 2 5 4 ] 
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JTfi (» 46) co&!|l£f#fc. 



S A 



0. 97 
0. 02 
-0. 23 



-0. 97 
-0. 02 
0. 26 



'[ft 46 J 



-0. 12 

: C * I "°- 86 
-0.50 
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[ 0 2 5 5 ] .I^^^J: 9;£tf> 3 
(ft 47) t%&. 



U <co 0 = ( 



-0. 2656-0. 9563i 



0. 12034-0. 0231 i 



[ 0 2 5 6 ] 

0.1203 + 0. 0231 
-0. 2656 + 0. 9563i 



!) 



[ 0 2 5 7 ] J:ot (ft 38) ^ffli^thj ( co q ) = 
( 3. 9949+ 0:86-399 i) x 10" 12 . h 2 ' ( a> o > = < 1- 
9190+ 1. 2793 i ) x 10" 12 t i£ (27) T' — 

fiK'hfiififK/iJc&eogSSigT? £ 77 - 0. 25<t .iT *U2\ I I m 
L h j ] / R g [h^] 1-0. 2163^ 0. 25<b 3: 9 . A co 

Jlf?t Itv^, H^tCw^Oi: § Q (w 0 ) « (ft 48) £ 

[ 0 2 5 8 ] 
[ ft 48] 

3. 9949 



1.9190 
-1.2793 



[0 2 5 9 ] ± ild: 9 ffI?^S«^- K#gfc(i A r 
= 4.613 psT'£> 0 , *If&iI<t eoffl**KJHi5. 83%tc£r 
^ . Ceo «fc j ic. K*£^##ft?-* 2: 

[ 0 2 6 0 ] 

f & 3 - vXff.J!IJa-^ 'J -SSt^StJ & J: 5 

*^ttsrie^-r s a - >x?fm zmmnm-rz z t & 
[0261] ttc. fie#^Bji5ifc $ft.-r y^st 

/da) £ . ftH«»ca<^A3t£ J:.oTf#4>;h.* >'*s- 
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JH&ft co + Att<a#A»£J:oT»£;h.l>S/*3 - yXff 
?JJU (co + A co) t comft&UlZ «fc otfHii^ 2^2 
mWtrm H £fflV>T i (d£/dco) =H|tin^fl 
(c cfc o T 3t38r# & C SrBjsi^t L,fcfi9T\ CO^t^JH 



■C^L.-*»o. i? 3 ->X<9 h /K?5 ft JUi* ft h 

[0 2 6 2 ] £ MC. *%B^-c«i. 3£f5**&Jt<OffiItfM 

Z bzmM&ltL . *<nMMft{t Lfc* h 
£J8l^T s - y X<. 9 V )V t i? 3 - VXfr J'J £m L T 

30 i^^b^tLt^ mtif. mftm&%%ix±t ^ 

[ 0 2 6 3 ] $ **B^"efi. HUie<7)$D< . ^T^'IH 

1 ^O^ft^ I m C h 1 ] Hft^R e [ h ! j coJt^lg 

40 -aifiiEt^it^siifiii^jaTT-ftsc-fc srwig-r hz t c 

1 ra C ^ 1 J tHft^R e [hj ] ^itoa^il^^ 

/^^ft^^/h^^ftE^A co £ giftlS^T'^ . 

ftnP I m [h j] hHft^iR e [hi] <S0JtO**ffi# 

OJ:0t^K, 1 J: 0 i'hS^C t SrWig LT 

50 fc. 
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[02] #2Sffij^©WCim&fi&*- K#Ifc«£<?3** 
(*« C 2 D J: 0 . • 

[as] fff«#tt^? h;pnoftjgaafi>*c»-r^3g-ft 
#.©j&*dn/d6) = o T'le^^ h>£ 

a^ss-fkt^t^-fk-rsttsi^igK nasi tactt cim 
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Fig. 4 J; 0 — SIk® ) £^-fM*H0T*£ (R.Ulricha 
nd A. Simon, "Polarization Optics of TwistedSingle 
-Mode Fibers" Appl.Opt. , vol. 18, No. 13, (1979), pp. 224 
1-2251. £03\mY . 
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